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Talk outline

* Motivation and experimental goal of new wall, control
and sensor coil arrays on HBT-EP

* Examples of kink nonrigid, multimode plasma response
to external magnetic perturbations

* Plans for investigating these issues on HBIT-EP
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Physics motivation: Understand
nonrigid, multimode plasma
response to magnetic perturbations

* Important in predicting and optimizing performance of
- ELM mitigation

- Error field correction

- Kink feedback systems

* Experimental goal: Measure edge magnetic

perturbations and plasma response with unprecedented
detail and accuracy in a tokamak

ooooooooooooooooooooooo



Why is nonrigid, multimode
plasma response important?

Small modular coils needed in vessel for ITER/reactor
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Small, Modular Internal Coils in
ITER will possibly excite multiple
plasma modes

3D finite element VALEN model of VACO02 coilset



Can lead to “nonrigid,”
multimode plasma response

» Expt/theory indicate that small coils can couple to other
stable or unstable modes (large sideband harmonics)

» Leads to nonrigid mode (=multimode) behavior
 Can lead to loss of feedback control and obscure
RMP plasma response expts and impact plasma

performance

- Can be hard to detect using “standard” tokamak
magnetics
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Examples of nonrigid,
multimode kink plasma
response



Nonrigid, multimode kink response:
Ex-Trap T2R

Ex-Trap T2R, unstable multi-mode spectrum
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Nonrigid, multimode kink response:
NSTX

NSTX example, 1 unstable mode and possible stable spectrum excitation
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Nonrigid, multimode kink
response: HB I-EP

HBT-EP example:
differing local plasma
response of unstable
mode while “muting”
certain coil pairs
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Nonrigid, multimode kink
response: HB I-EP

HBT-EP example: Is the n=2 response stable or unstable?

Kalman filter effect on (m, n) = (3, 1) activity Kalman filter effect on other MHD activity

Spatial mode #2, 62112, [2.00:3.00] 0.857 « Here's the effect on the 2 mode from the hiarthogonal decompo-
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n=| and 2 predicated unstable
at high pressure in ITER

mmVALEN analysis of ITER
new scenario #4

convergence vs. # modes Growth time vs. betaN - ITER Scen 4
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Why investigate these
effects on HBT-EP?



Why investigate these issues
on HBT-EP?

* Experimental measurements on HBT-EP are:

- Easy to implement with large sets of control and sensors
coils and power supplies at low cost

* “Unlimited” runtime

» “Clean” high field side magnetic diagnosis of multiple
modes possible

» Cylindrical/slab theory better approximation than in large
devices for basic theory validation

- “Simpler” fluid theory applicable

* VALEN multimode plasma response benchmark
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Investigating these issues on HBI-EP

20 Adjustable Wall Segments

Toroidal and Poloidal
Magnetic Field Detectors

6 (x20) Control Coils for

Modularity Tests 40 Poloidal Mode Sensors

New wall, control and sensor coil arrays
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HBT-EP new wall, control and sensor
coils arrays




Multimode VALEN has been
benchmarked and is up and running
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ew ideal wall limit increases window
of RWM instability
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Designing the wall diffusion time

comparison passive growth rates
old HBT geometry vs.

3 variants new HBT geometry e Technical/manufactu ring
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New wall construction: Spinning
Stainless Steel “Pans”

* Spinning work
hardens and
embeds large
residual stresses
in the pans

e Solution:; anneal
to I850 F
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Annealed pan “edges” ready for
machining

* Bead blasted pan
“edge” laser cut into
shell segments with
window panes
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The (almost) finished product...

* |nitial sample measurements have the shell
conformal to the design surface to < Imm

Next steps: Electropolishing, electroplating, and
control coil winding and sensor installation
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New control coil design/construction

e Total of 120 new control
coils

* 3 “flavors” with 5, 10, |5

degree toroidal angular
extent
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Control coil-wall eddy current

results wrt voltage
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* Window pane stainless steel induced eddy
currents are a ~10 to 20% effect
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Feedback Performance: |10 degree coils
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* Single mode VALEN
calculation

* Stabilization up to 1/2 the
ideal limit

 Multimode feedback VALEN
calculations started
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New magnetic sensor arrays to
measure multimode plasma response
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216 new magnetic pickup sensors, n~14, m~15
Along with new preamps and digitizers



New magnetic sensor arrays in vessel
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Calibration method/technique

e The signal in a sensor from coil 7 is

Si — Bi(I'p Y, E) ' ﬁ(El:Eﬂ)

At the k™ iteration, our guess of the sensor

placement is x* = (z k, y*, 2% €F, €5) with error

5}Ek _ xtrue . Ik.

e Expanding to first order about our current
guess x*, we have S; = Sf + 4 Sf where
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is the “first order” term.
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e [f we have N coils, we get the matrix equation
(J*) % 6x* = S; — SF where J* is the N x 5 Ja-
cobian matrix evaluated at x*. This equation
is solved in a least-squares sense.

e Defining x*+! = x* + §x*, we have our new es-

timate. Assuming x* is “close enough” to x™"€
x*+1 will be a better guess, and the same pro-
cess is applied to linearize about x**! so that
the process becomes iterative and the sequence

of estimates {x*} will converge to x™e.

* Assumptions: Source coil
location, NA and amplifer gains
perfectly known. No eddy
currents. No noise.



Sensor construction and calibration

Bench tests

Typical sensors
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System installation and allgnment
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System installation and alignment

3D coordinate measuring arm for final
installation measurements of shell position.
Available via collaboration with PPPL.

Thanks to Phil Efthimion and Steve Raftopoulos
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Summary and conclusions

* HBT-EP is in the process of successfully installing a
new wall, control, and sensor system for mutlimode
plasma response studies

* This system will allow new and novel experiments
on multimode plasma response during kink
feedback, magnetic spectroscopy, and edge
ergodization experiments using our nhew control
coils to drive plasma response and our new
extensive array of magnetic sensors to quantify it.
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